1. Introduction {#sec1}
===============

Uterine leiomyomas, also called fibroids, are the most common form of benign gynecological tumors \[[@B1], [@B2]\]. These are hormone sensitive tumors with a clonal origin, derived from myometrial smooth-muscle cells and connective tissue fibroblasts. Leiomyomas characteristically present as well encapsulated fibrotic tissue within the wall of the uterus occurring in 77% of all women with a higher incidence in African-American women \[[@B3]--[@B6]\].

Leiomyomas are commonly classified into 3 subgroups according to their location in the uterus: subserosal, intramural, and submucosal. A detailed classification system has been published by FIGO (International Federation of Gynecology and Obstetrics) ([Figure 1](#fig1){ref-type="fig"}), with specific attention to the fibroid\'s location \[[@B7]\].

The most recognized risk factors for the development of leiomyomas are early menarche, nulliparity, increased frequency of menses, history of dysmenorrhea, family history of leiomyomas, African descent, obesity, age (peak incidence at 40--50), and medical conditions such as diabetes and hypertension \[[@B8]--[@B11]\]. Behavioral attitudes such as diet with high consumption of meat or alcohol can also increase the risk, as opposed to smoking that decreases the risk \[[@B12]--[@B14]\].

In many cases leiomyomas are asymptomatic and are diagnosed incidentally on clinical examination or imaging. Only 20--50% of women suffer from a variety of symptoms, usually in accordance with the location and size of the mass \[[@B15], [@B16]\]. The symptoms are sometimes significant and can be divided into different categories: menorrhagia, space occupying manifestations, and reproductive disorders \[[@B17]--[@B21]\]. Women suffering from symptomatic leiomyomas have a significant lower health related quality of life and productivity: 43% will suffer an impact on sexual life, 28% will suffer an impact in performance at work, and 27% will be affected by the symptoms as a social matter in relationship and family \[[@B10], [@B22]\]. An improvement in quality of life has been shown following leiomyoma treatment, emphasizing the great need for a wide spectrum of therapeutic options.

Until recently, despite a great deal of research involving investment of substantial resources the goal of finding an effective medical treatment has eluded the scientific community. Nowadays, uterine leiomyomas remain the primary indication for hysterectomy in women of reproductive age in America \[[@B23]\].

Recently, a major change and hope have emerged. Selective progesterone receptor modulators (SPRM) have been offered as effective medical therapy for leiomyomas, with minimal side effects and promising long-term results. In this paper, we review these new pharmacological modalities and the opportunities they offer to a large population of women in need of alternative medical treatments.

2. Etiology {#sec2}
===========

Despite years of research the pathogenesis of leiomyomas remains unclear. Clearly, enhancement of extracellular matrix (ECM) deposition plays an important role in the formation of uterine fibroids \[[@B24]\]. Norian et al. hypothesized that mechanical stress may set in motion a cascade of events leading to excessive ECM deposition which may bring about formation of uterine fibroids \[[@B25]\]. Several molecular pathways as well as genetic factors have been suggested as key elements in the development of uterine fibroids and have evoked much debate regarding possible treatments for inhibiting uterine fibroid growth. Tyrosine kinase inhibitors (TKI), cyclin-dependant kinase (CDK) inhibitors, aromatase inhibitors, and antiproliferative agents are only a partial list of biological mechanisms targeted by pharmaceutical solutions for the treatment for uterine fibroids \[[@B26]--[@B29]\]. Unfortunately, though in theory most of these treatments have biological merit to them, clinical results have been disappointing.

Over the years estrogen was considered to be the main culprit responsible for their growth. Recent studies have made it clear that progesterone too is an important player in leiomyoma growth. The clinical observations that have traditionally supported the estrogen hypothesis also support the hypothesis that progesterone is involved in the pathogenesis of leiomyomas. Similar to estrogen levels, progesterone levels are elevated during the reproductive years, decreased during menopause, and suppressed during GnRH agonist therapy \[[@B30]\]. One of the first reports to connect between progesterone and leiomyomas was in 1949 when Segaloff et al. observed increased cellularity in the histologic structure of leiomyomas in 6 patients treated with 20 mg progesterone daily during 30--128 days \[[@B31]\]. Later, Tiltman showed a significantly higher mitotic activity in leiomyomas of woman who were treated with medroxyprogesterone acetate compared to an untreated group \[[@B32]\]. Kawaguchi et al. in their study investigated the influence of the menstrual cycle on the mitosis rate of uterine fibroids \[[@B33]\]. They reported a significantly higher mitotic count in the secretory phase, suggesting that fibroid growth is affected by progesterone. In another study Lamminen et al. compared proliferative activity of uterine fibroids of different women, showing that, in postmenopausal women without hormone replacement therapy (HRT) or with estrogen only as HRT, low proliferative activity was demonstrated \[[@B34]\]. On the other hand, postmenopausal woman treated with estrogen and progesterone as HRT showed a proliferating index equal to that observed in premenopausal women. Brandon et al. demonstrated that compared to adjacent myometrium there is an increase in progesterone receptor messenger ribonucleic acid expression, as well as progesterone receptor protein level in leiomyoma tissue \[[@B35]\]. In the same study a significantly higher rate of the proliferation antigen Ki-67 was found in leiomyoma tissue, suggesting that amplified progesterone-mediated signaling is instrumental in the abnormal growth of these tumors.

In addition to the biochemical and histological evidence supporting the role for progesterone in the pathogenesis of leiomyomas, there is compelling clinical evidence supporting this hypothesis. In 1961 Mixson and Hammond reported that norethynodrel causes rapid but reversible enlargement of uterine leiomyomas \[[@B36]\]. Friedman et al. as well as Carr et al. demonstrated that medroxyprogesterone acetate inhibits the ability of GnRH agonist-induced hypoestrogenism to shrink uterine leiomyomas \[[@B37], [@B38]\]. In another prospective trial Friedman et al. suggested that high-dose norethindrone can reverse the effectiveness of GnRH agonist-induced leiomyoma shrinkage in a dose-dependent action \[[@B39]\].

In 2013, Bulun suggested a new theory, showing the influence of smooth-muscle stem cells and progesterone in the development of leiomyomas \[[@B40]\]. Based on these assumptions it seems as though genetic defects on the cellular level of the myometrial smooth-muscle are key in leiomyoma formation. Point mutations in mediator complex subunit 12 (MED12) as well as in high-mobility group AT hook 2 (HMGA2) have been linked with uterine fibroid development and may be the preliminary step leading to tumorigenesis \[[@B41], [@B42]\]. The genetic changes installed by this pivotal incident may later lead to the modification of signal pathway transduction involving beta-catenin and tumor growth factor-beta (TGF-beta). These proteins are thought to regulate cell proliferation ultimately leading to clonal expansion and uterine fibroid growth. These smooth-muscle cells remain sensitive to estrogen and progesterone and are triggered during receptor activation by the appropriate ligand.

The receptor for progesterone presents a potential target for pharmacological treatment of leiomyomas. When activated it acts as an important transcription factor for uterine fibroid growth \[[@B43]\]. When bound by the antiprogestin RU-486 the progesterone receptor begins a series of events ending in the increase of Kruppel-like factor 11 (KLF11). Increased levels of this tumor suppressor gene have been linked to inhibition of fibroid proliferation \[[@B44]\]. At the cellular nuclear level binding of progesterone to the progesterone receptor has also been shown to increase levels of the antiapoptotic protein B cell lymphoma-2 (BCL2) which in turn stunts cell death and leads to fibroid growth \[[@B45]\].

The full effect of the progesterone-progesterone receptor complex on stem cells as well as on differentiated cells in uterine fibroids is still poorly understood. It is suspected that binding of progesterone to the progesterone receptor brings on changes at the genetic and epigenetic level leading to propagation and proliferation of these benign tumors \[[@B40]\]. Due to the pivotal role of progesterone in the pathogenesis of leiomyoma growth, researchers as well as pharmaceutical companies have focused on finding compounds that might inhibit its effect. These efforts have brought forth the selective progesterone receptor modulators (SPRM) which so far have shown promising results.

3. Surgical Therapy {#sec3}
===================

Choosing the appropriate treatment for uterine fibroids is not an easy task. Many parameters need to be taken into account including patient age, desire for fertility preservation, and the ability to undergo surgery \[[@B46]--[@B48]\]. To date, surgery remains the main treatment option for symptomatic women with uterine leiomyomas \[[@B49], [@B50]\]. Surgical treatment options include hysterectomy, myomectomy by laparoscopy, robotic surgery, or laparotomy as well as myomectomy by hysteroscopy. Prospective trials regarding surgical techniques and long-term outcomes with evaluation of symptoms are scarce making it difficult to recommend one treatment option over the other. The risks and benefits for each treatment option need to be presented to the patient enabling her to reach an informed decision with proper coordination of expectations.

Albeit the many surgical techniques available today, hysterectomy still remains the definitive treatment option for uterine fibroids. Suitable for patients for whom fertility is no longer an issue to be taken into account, hysterectomy offers low reintervention rates as well as high rates of symptom relief \[[@B51]\]. Hysterectomy does have some notable downsides. Published in 1994, the Main\'s Women\'s Health Study mentioned that only 72% of women reported improvement in symptoms caused by uterine fibroids \[[@B52]\]. In other studies abdominal hysterectomy was shown to correlate with higher rates of major complications compared to other invasive treatments such as uterine artery embolization \[[@B53], [@B54]\]. Hysterectomy no doubt will continue to be the treatment of choice for certain women though there is place for randomized controlled studies with long-term follow-up which will hopefully help assess the true value of this procedure.

In cases where fertility preservation is desired myomectomy remains the treatment of choice \[[@B55]\]. The abdominal approach for this procedure includes laparotomy and laparoscopy as well as robotic methods or when possible hysteroscopic myomectomy. Though considered technically challenging, laparoscopic myomectomy presents several advantages when compared to open myomectomy. Donnez et al. as well as several others showed faster recovery with less postoperative morbidity for patients undergoing laparoscopic myomectomy compared to the open approach. These advantages did not come at the expense of reproductive outcomes as well as recurrence rate which were similar for the two procedures \[[@B56], [@B57]\].

4. Medical Therapy {#sec4}
==================

4.1. Current Medical Therapy {#sec4.1}
----------------------------

Over the years various medical treatments have been suggested based on the biological understanding of fibroid growth. Most treatments to this day have fallen short in giving a true long-term solution for women suffering from uterine fibroids. Two of the most common therapies are GnRH agonists or antagonists and aromatase inhibitors.

### 4.1.1. GnRh Agonists and Antagonists {#sec4.1.1}

Until recently, GnRH agonists have been the most efficient pharmacological treatment for leiomyomas. GnRH agonists have a direct action on the pituitary, inducing downregulation and desensitization of the GnRH receptors, producing a hypogonadotropic state with consequent reduction in estradiol and progesterone \[[@B16]\]. GnRH agonists were found to decrease uterine bleeding, improve hematologic parameters, manage symptoms of menometrorrhagia, dysmenorrhea, and pelvic discomfort, and reduce uterine and leiomyoma size \[[@B58]\]. Nevertheless, this treatment cannot be given for a long period of time due to the many side effects that accompany it including bone loss, hot flashes, sleep disturbance, vaginal dryness, myalgia, arthralgia, and possible impairment of mood and cognition \[[@B37]\].

A review published in 2015 found low to moderate quality evidence that add-back therapy with tibolone, raloxifene, estriol, and ipriflavone helps to preserve bone density and that medroxyprogesterone acetate (MPA) and tibolone may reduce vasomotor symptoms. Larger uterine volume was an adverse effect associated with some add-back therapies (MPA, tibolone, and conjugated estrogen) \[[@B59]\]. Upon cessation of treatment there is a resumption of menses and pretreatment uterine volume \[[@B60]\]. Numerous side effects and temporary benefit have caused GnRH agonists to be mainly used in the preoperative setup. A systemic review found that the use of GnRH agonists for three to four months prior to fibroid surgery reduces both uterine volume and fibroid size. GnRh agonists are beneficial in the correction of preoperative iron deficiency anemia (if present) and reduce intraoperative blood loss. If uterine size is such that a midline incision is planned, this can be avoided in many women with the use of GnRH agonist. For women undergoing hysterectomy, a vaginal procedure is more likely following the use of these agents \[[@B60]\]. Another drawback of this therapy is that prior to the downregulation of the GnRH receptors there is an increase in estrogen level (flare-up) that might aggravate symptoms.

GnRH-antagonists achieve similar clinical results as the agonists but with more rapid onset due to the lack of initial flare-up observed with GnRH agonists. However, these agents are not available as long-term treatments, require daily injections, and have not been adopted as a common therapy for leiomyomas \[[@B61]\].

### 4.1.2. Aromatase Inhibitors {#sec4.1.2}

The inhibition of the aromatase enzyme has been speculated to be a key mechanism in regulating hormone-dependent fibroid growth by inhibiting the production of estradiol. Estradiol, through the estrogen receptor *α*, induces the production of progesterone receptor which is essential for the response of fibroid tissue to progesterone; this response includes increased cell survival, cell proliferation, and enhancement of extracellular matrix \[[@B40]\]. Yet, a recent Cochrane review on the use of aromatase inhibitors concluded that there was no evidence to support the use of these agents as medical therapy for treating uterine fibroids \[[@B62]\].

4.2. Selective Progesterone Receptor Modulators (SPRM) {#sec4.2}
------------------------------------------------------

SPRM are a family of substances which are known to incorporate both an agonist and an antagonist response on the receptor for progesterone ([Figure 2](#fig2){ref-type="fig"}) \[[@B16]\]. This response is mediated by many coreceptors and cofactors and has been shown to bare a favorable effect on the growth and development of leiomyomas \[[@B43], [@B64], [@B65]\]. This rationale has led pharmaceutical companies to invest in the research of these compounds leading to an array of products meant to stunt the growth of leiomyomas. In a recent publication we elaborate on their great potential and the important role these compounds may play in the near future \[[@B66]\]. Asoprisnil, mifepristone, and ulipristal acetate are a few examples of medications that were shown to be effective in decreasing the size of leiomyomas as well as reducing symptoms correlated with leiomyomas \[[@B67]--[@B71]\].

Ulipristal acetate is the most recent SPRM and has been under extensive investigation in the attempt to analyze its success in the treatment of uterine fibroids. This compound evokes an antiproliferative effect on leiomyoma cells as well as having a good safety profile with an easy to use regimen of one pill per day \[[@B72], [@B73]\]. Hence, it is easy to understand the enthusiasm in the scientific community regarding this potential treatment. In the PEARL I trial patients with symptomatic leiomyomas were treated with either placebo, 5 mg or 10 mg of ulipristal acetate for a duration of 13 weeks \[[@B74]\]. Results of this study showed a clear advantage for treatment with ulipristal acetate with control of menstrual bleeding in 92% of women who received a dose of 10 mg ulipristal acetate versus 19% in the placebo group. There was no difference between the groups regarding adverse effects. Leiomyoma volume, measured by magnetic resonance imaging, was reduced by a median reduction percentage of 21.2% for patients treated with 10 mg ulipristal acetate. The treatment\'s efficacy was shown with both objective (leiomyoma size) and subjective (patient discomfort) measures with encouraging results.

Later, a study was conducted comparing the efficacy of ulipristal acetate and a GnRH agonist. The PEARL II study, a randomized prospective trial, included women suffering from symptomatic uterine fibroids who received either an intramuscular injection of leuprolide acetate or treatment with ulipristal acetate (5 or 10 mg) \[[@B75]\]. Menstrual bleeding was controlled for patients who received 10 mg and 5 mg ulipristal acetate in 98 and 90 percent, respectively. Mean time to amenorrhea for these 2 groups was 5 and 7 days, respectively. For the leuprolide acetate group, control of menstrual bleeding was achieved in 89% with mean time to amenorrhea being 21 days. The difference in mean time to amenorrhea was statistically significant between the groups. Regarding reduction in uterine size, leuprolide acetate was superior when compared to ulipristal acetate. Hot flushes were a noteworthy side effect documented in 40% of patients treated with leuprolide acetate as opposed to 10% of women in the ulipristal acetate group. Conclusions of this study include ulipristal acetate being noninferior to leuprolide acetate with regard to the therapeutic effect on symptomatic leiomyomas with fewer side effects. In the following trial (PEARL III) ulipristal acetate was evaluated regarding its ability to induce a long-term effect for treatment of uterine fibroids. Two 12-week courses of treatment with ulipristal acetate 5 and 10 mg were administered to 451 patients enrolled in the study \[[@B65]\]. Amenorrhea was achieved in the 5 and 10 mg groups in 62 and 73 percent, respectively. During 2 treatment courses over 80% of patients achieved controlled bleeding. Median reductions from baseline in fibroid volume were 54 and 58 percent for the 5 mg and 10 mg groups, respectively. The treatment was well tolerated with under 5% of women abandoning treatment due to adverse effects. The investigators summarize that repeated 12-month treatment courses are effective in control of bleeding and reduction of fibroid size as well as improvement of quality of life (QOL) in patients suffering from symptomatic uterine fibroids \[[@B65], [@B72]\].

Fertility is a prominent issue in women with leiomyomas. Data regarding 21 patients who tried to get pregnant after UPA therapy (PEARL II and PEARL III trials) \[[@B76]\] showed that 15 women (71%) managed to conceive, resulting in a total of 18 pregnancies. Six women had a miscarriage and 12 pregnancies resulted in the live birth of 13 healthy babies. The high miscarriage rate may be explained by the median age of the population (38 years). Despite the hormonal changes expected during pregnancy no regrowth of leiomyomas was noted in pregnant women after cessation of UPA treatment.

Earlier this year, a new multicenter, prospective, noninterventional study (PREMYA) was published. A total of 1473 women with moderate to severe symptoms who received preoperative treatment with UPA (5 mg daily for 3 months) were enrolled. Data was collected every 3 months over a period of 12 months from the time treatment was discontinued. All patients were scheduled for surgery but only 38.8% finally underwent surgery. Physician assessment indicated that 60.1% of patients were either "much" or "very much" improved at 3 months.

A good safety profile was shown. Only one severe adverse effect was mentioned. It involved a diagnosis of leiomyosarcoma after hysterectomy. Only 56 (3.8%) patients stopped taking the medication due to side effects. This study reinforces previous results showing that quality of life and pain are highly improved by UPA treatment while maintaining a good safety profile.

In conclusion, SPRM are changing the way clinicians treat uterine fibroids. While surgical therapy remains the only definitive treatment, SPRM offer caregivers a viable option for treatment of this common pathology.
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